




Permeability, Form Drag Coefficient and Heat Transfer Coefficient of Porous Copper 
Jan Mary Baloyo and Yuyuan Zhao* 
School of Engineering, University of Liverpool, Liverpool L69 3GH, UK. 
 
Corresponding author:  
Professor Y. Y. Zhao 
School of Engineering 
University of Liverpool 
Liverpool L69 3GH, UK. 





The water permeability, form drag coefficient and heat transfer coefficient of porous 
copper samples manufactured by the Lost Carbonate Sintering process were measured and 
analysed. The permeability increased and the form drag coefficient decreased with increasing 
porosity and decreasing pore size. There existed an empirical relationship between the form drag 
coefficient and the permeability. The highest heat transfer coefficient was observed at an optimum 
porosity of 60%, where heat removal by conduction and convection was balanced. Larger pore 
sizes led to higher heat transfer coefficients due to increased tortuosity and enhanced heat transfer 
by convection. The best overall heat transfer performance with a combination of high Nusselt 







Metal foams have attracted much attention in both academia and industry in the past three 
decades due to their unique mechanical, chemical, electrical and thermal properties, e.g., high 
specific stiffness, high surface area, electromagnetic shielding effect and good heat dissipation 
capacity [1-4]. Fluid flow in open-cell metal foams is one of the areas of interest to the thermo-
fluids and materials manufacturing research communities because of their importance in numerous 
applications. For example, metal foams have high internal surface area and high permeability for 
fluids, which make them ideal candidate materials for thermal management applications, e.g., as 
heat exchangers or cooling systems for electronic devices [5-11]. A typical metal foam cooling 
system consists of a liquid or gas coolant flowing through the internal pores or channels of the 
porous medium. Heat is transferred from the heated device to the metal foam by conduction and 
carried away by the flowing coolant by convection. The fluid flow of the coolant inside the porous 
structure often dictates the efficacy of the heat transfer and the pressure drop across the foam 
directly determines the power required for pumping the fluid. 
An overview of the governing equations of flow in porous media was presented by Dukhan 
[12]. The relationship between pressure drop and flow velocity for one-dimensional flow in a 






𝑣𝐷  (1) 
where ΔP is the pressure drop (Pa), L is the length of the porous medium (m), µ is the dynamic 
viscosity of the fluid (Pa∙s), K is the permeability (m2), and 𝑣𝐷 is the Darcian velocity (m∙s
-1), 
which is obtained by dividing the volumetric fluid flow rate by the cross-sectional area of the 
porous medium. However, Darcy equation is only applicable for creeping flow where only viscous 





For sufficiently high flow velocities, form drag becomes important and Darcy equation has to be 








2     (2) 
where  is the density of the fluid (kg∙m-3) and C is a form drag coefficient (m-1).  
The most widely cited correlation between pressure drop and the structural parameters of 











2     (3) 
where  is porosity and d is particle diameter. Ergun’s equation is only valid for granular media 
with porosities ranging from 0.38 to 0.47 and not for foams or fibrous media [13]. Most empirical 
correlations proposed for other porous media were extensions of Ergun’s equation by adopting a 
characteristic feature (e.g., ligament diameter) as an equivalent particle diameter and by modifying 
the values of the constants (including the exponents of porosity and particle diameter terms) to fit 
the experimental data for the porous media in investigation. In most cases, the permeability and 
form drag coefficient terms were correlated to porosity and pore size, or equivalent particle 
diameter [14,15]. Occasionally, other parameters (e.g., tortuosity [16]) were included. Generally, 
no correlation applies to all porous media and each type of porous materials has to be considered 
separately. 
A considerable amount of research has been carried out recently on the heat transfer 
behaviour of metal foams. Ejlali et al. [5] numerically investigated the applicability of high-





metal foam heat exchangers are superior compared to conventional finned surfaces with no 
excessive trade-offs (material weight and/or pressure drop). Boomsma et al. [17] demonstrated 
experimentally that compressed open-cell aluminium metal foam heat exchangers generated 
thermal resistances 2-3 times lower than the best commercially available heat exchanger tested 
under a similar pumping power. Similarly, Mao et al. [18] demonstrated that the heat transfer 
capability of metal foam heat exchangers can supersede conventional compact heat exchangers 
given optimal scenarios (i.e. optimal porosity and foam thickness). Hutter et al. [19] reviewed the 
factors that greatly influence the heat transfer performance of porous metal-coolant heat 
exchangers, and reported that the coolant properties (e.g. heat capacity or thermal conductivity) 
have a significant influence on the convective heat transfer of the metal-foam system. Zhao [7] 
reviewed comprehensively the research progress on the heat transfer in metal foams for thermal 
management applications. These reports showed that the fluid flow and heat transfer are invariably 
interlinked and the choice of the foam material also influences the heat transfer performance 
significantly. The foam structure considerably affects the heat transfer performance, with porosity, 
pore size and surface area having the greatest weightings on the effective thermal conductivity, 
convective heat transfer and fluid flow properties. 
However, very limited amount of research has been conducted on the fluid and heat transfer 
behaviour of metal foams made by the space-holder methods, where the pores are created by using 
a sacrificial powder (space holder), such as NaCl [20], K2CO3 [21] or ammonium bicarbonate [22]. 
The pores are negative replicas of the sacrificial powder particles, so that the porosity and pore 
size can be independently varied. The metal foams produced by the space holder methods have 
distinctive porous structures (internal architecture) which are very different from those of the 





in the range of 50 – 85%, while packed beds and granular media have much lower porosities (30-
60%) and the aluminium foams studied so far usually have higher porosities (80 – 95%). Secondly, 
the voids in the metal foams produced by space holder methods are individual spherical pores 
randomly distributed in a metal matrix and interconnected through windows much smaller than 
the pores. In packed beds, the voids are the interstices between solid spherical particles, forming 
irregular shaped narrow channels. In high porosity aluminium foams, the voids are a large open 
space partitioned with a network of narrow solid struts. Thirdly, they have rough internal surfaces 
formed by bonding of small metal particles, while the packed beds or aluminium foams have 
relatively smooth surfaces formed by sand particles or cast aluminium struts. Preliminary studies 
[23, 24] showed that the flow resistance experienced in the foams produced by the space holder 
methods and the heat transfer behaviour are very different from those in packed beds or other 
foams manufactured by a different process. However, the fluid flow and thermal behaviours, 
especially the relationship between the permeability and form drag coefficient and the interactions 
between flow resistance and heat transfer, are not well understood. 
In this paper, we study the fluid flow and heat transfer performance in copper foams 
produced by the Lost Carbonate Sintering (LCS) process, a typical space holder method which can 
be used to generate porous structures representative of all metal foams produced by the space-
holder family. The structural effects (porosity and pore size) on the permeability, form drag 
coefficient and heat transfer coefficient are studied. Correlations between permeability and form 










Nineteen porous copper samples with different porosities (50-80%) and pore sizes (250-1500 
μm) were fabricated using the LCS process [20]. The Cu powder (base metal) was supplied by 
Ecka Granules UK Ltd. and had a particle size range of 75 μm to 150 μm and a purity of 99.9%. 
The food grade K2CO3 powder (space holder) was manufactured by E&E Ltd. and had a particle 
size range of 250 μm to 1500 μm and >98% purity. The K2CO3 powder was sieved and categorized 
to four different size ranges: 250-425 μm, 425-710 μm, 710-1000 μm and 1000-1500 μm, resulting 
in copper foams with four pore size ranges. The porosity of the samples was measured using the 
Archimedes method. 
Fig. 1 shows the representative microstructure of the as-produced LCS porous copper. Small 
voids (inter-particle pores) between the copper particles allow the interconnection between the 
pores created by the K2CO3 particles, enhancing the sample’s permeability to fluids. 
The pressure drops and heat transfer coefficients in the LCS porous copper samples were 
measured using a purpose-built apparatus with a polytetrafluoroethylene (PTFE) chamber as 
described in [6] and shown schematically in Fig. 2, using water as the working fluid. For heat 
transfer tests, seven 100W heat cartridges were imbedded in the oxygen-free copper heat block to 
supply the heat flow. The heat cartridges were controlled by a variac (voltage range of 10-240 V). 
Attached to the heat block is another oxygen-free copper block with the same cross section as the 
porous copper sample (30 mm  20 mm), and was pressed tightly against the porous copper sample 
to achieve good thermal contact. The temperatures at the top (Tt) and bottom (Tb) spots of the lower 





(±0.1% accuracy). The heat flux through the lower copper block, J, is equivalent to the heat flux 
to the sample and was calculated by: 
𝐽 =  𝑘𝐶𝑢
𝑇𝑡−𝑇𝑏
𝑠
                                                                   (4) 
where s is the distance between the spots for measuring Tt and Tb (30 mm), and kCu is the thermal 
conductivity of the oxygen free copper block. The input voltage was varied between 60 V to 150 
V to produce different heat fluxes. 
During the experiment, the water coolant flowed through 1) a filter, 2) a flow meter (Omega 
FL50001A, ±5% accuracy), 3) a pressure transducer (Omega PXL 219-004GI, ±0.25% accuracy, 
0-4 bar pressure range) to measure the inlet pressure, Pin, 4) a thermometer (PT 100, ±0.1°C 
accuracy) to measure the inlet fluid temperature, Tin, 5) the porous copper in the sealed chamber, 
and 6) another pressure transducer (Omega PXM219-001G, ±0.25%, 0–1 bar pressure range) to 
measure the fluid’s outlet pressure, Pout. All samples were 30 mm long, 20 mm wide and 5 mm 
high, which tightly fit into the channel. The overall heat transfer coefficient (U) of the cooling 
system, which is made of the porous copper sample and the water coolant, was determined by: 
𝑈 =  
𝐽
𝑇𝑏− 𝑇𝑖𝑛
                                                                    (5) 
The pressure drop across the copper foam sample was measured at room temperature at 
different flow rates (up to 2 L/min, Re = 5 – 140) and was normalised against the respective length 
of the sample. All the data used are the averages of the values of three experimental measurements. 
The physical properties of copper and water used to calculate permeability, form drag coefficient, 









The pressure drop, ΔP, is the difference between inlet water pressure Pin and outlet water 
pressure Pout, 
∆𝑃 = 𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡                                                           (6) 
where Pin and Pout were measured by two precision pressure gauges with an accuracy of 0.01 bar 








𝜔𝑃)2                                             (7) 
which gives ωΔP  = 0.014 bar. 







𝜔𝐿)2                                             (8) 
The sample length (L) is 0.03 m and its accuracy is 0.0005 m (ωL). The typical pressure drop is 
1.235 bar. These give the uncertainty of pressure drop per unit length, ωΔP/L = 0.007 bar/m. 
Heat transfer coefficient 




                                                               (9) 
where 𝑘𝐶𝑢 is the thermal conductivity of the Cu heating block (390 W/mK), Tt and Tb are the 
temperatures of the block at the top and bottom (Fig. 2), which were measured by T-type 
thermocouples with an accuracy (ωT) of 0.5˚C, and s is the distance between the two temperature 
measurement spots (𝜔𝑠= 0.0005 m). According to the propagation of uncertainty, the uncertainty 

















𝜔𝑇)2            (10) 
which gives an uncertainty of 𝜔𝑈 = 0.324 kW/(m
2∙K). 
 
Results and discussion 
Pressure drop 
The length-normalised pressure drops for the LCS porous copper samples at different water 
flow rates (up to 2 L/min) are shown in Fig. 3. The pressure drop for all the samples increased with 
increasing Darcian velocity in a quadratic fashion. All quadratic curves fitted well with the 
Forchheimer’s equation (Eq. 2), with a determination coefficient R2>99%, from which the 
permeability K and form drag coefficient C values were obtained. 
It is shown that the porosity of the LCS porous copper samples significantly affects the 
pressure drop. For each pore size category, the sample with the lowest porosity gave the highest 
pressure drop at any given water flow rate. For samples with different pore size ranges but a similar 
porosity, the samples with smaller pore sizes generated lower pressure drops than the samples with 
larger pores. 
Effects of porosity and pore size on permeability  
The relationships between permeability (K) and porosity of the LCS porous copper samples 
with different pore sizes are displayed in Fig. 4. The results fall on the same trendline as those 
reported by Xiao and Zhao [6] for LCS porous metals with a pore size range 425 – 710 m. The 
porosity of the LCS porous copper consists of the large pores (primary porosity) created by the 
space-holder particles and the small inter-particle pores (secondary porosity) created through 
bonding of Cu particles (Fig. 1). Porosity has a significant effect on the permeability. In general, 





26]. Increasing porosity leads to lower fluid resistance since there is a lower fraction of solid matrix 
impeding fluid flow. Furthermore, the likelihood of the pores being connected to each other is 
higher in samples with higher porosity than found in the lower porosity samples. Consequentially, 
the pressure drop decreases and hence, the water permeability of the samples increases with 
increasing porosity. 
The pore size also influences the water permeability, with higher permeability values recorded 
for samples with smaller pore sizes, as shown in Fig. 4. Several reports on porous media also 
showed that smaller pore sizes led to higher water permeability [27-29]. This is because pore size 
affects the number and tortuosity of flow channels of the porous media. Decreasing the pore size 
leads to an increase in pore density per unit volume, so that the pores become more connected and 
more channels for fluid flow are created. As a result, the resistance to water flow decreases, leading 
to lower pressure drops and higher permeability. 
Diao et al. [30] measured the tortuosity of LCS porous Cu using a diffusion diaphragm cell. 
They showed that the tortuosity increased with pore size and decreased with porosity, and the 
relationship between tortuosity and porosity followed a correlation developed for porous materials 
with a porosity range from 0.5 to 1 [31]: 
 =  𝑝(1 − ) + 1                                                                    (11) 
where  is tortuosity, p is a fitting parameter and  is porosity. They further showed that the fitting 
parameter p increased nearly linearly with pore size. The other correlations [32], e.g., developed 
for packed beds [33], randomly placed rectangles [34] and extremely high or low porosity media 
[35] are found to be less suitable for LCS porous metals.  
Fig. 5 shows the relationship between the water permeability and tortuosity, where the 





porosities. It is shown that permeability correlates strongly with tortuosity, with the former 
decreasing exponentially with the latter. For the same tortuosity, the samples with smaller pores 
have considerably higher permeability than those with larger pores.  
It is worth noting that several studies on aluminium metal foams, e.g. [36, 37], found that 
permeability increased as the pore size increased. This contradiction is due to the very different 
pore structures between the LCS porous metal and the aluminium foams. The aluminium foams 
used in [36, 37] were manufactured by the investment casting method replicating a polymeric foam 
structure. These foams had an initial porosity greater than 90% and were compressed to achieve 
lower porosities. In these foams, a three-dimensional network of metal struts are surrounded by a 
far larger open space. Although a pore size was used in [36, 37] to define a space separated by 
sparsely connected metal struts, the open space cannot really be divided into meaningful pores as 
in LCS porous copper. The flow resistance in these high-porosity foams are generated from the 
metal struts and, in our opinion, cannot be attributed to pores. 
Effects of porosity and pore size on form drag coefficient 
The relationship between the form drag coefficient and the structural parameters of the LCS 
porous copper samples, porosity and pore size, is shown in Fig. 6. The form drag coefficients of 
several low porosity samples are not shown because accurate values could not be obtained from 
the limited data points for these samples. Fig. 6 shows that the form drag coefficient decreases 
with increasing porosity and decreasing pore size. These findings are consistent with those found 
in literature [14, 16, 27, 28, 38]. This is because a higher porosity means a lower fraction of solid 
impeding the fluid flow, resulting in a lower fluid resistance and thus a higher form drag 
coefficient. Samples with larger pores have more tortuous channels for fluid flow [30], resulting 





Permeability and form drag coefficient are hydrodynamic properties describing how easy a 
fluid can flow through the porous medium and signifying the viscous and form drag behaviours of 
the porous medium, respectively. Both are dependent on the internal architecture of the porous 
medium, i.e., porosity, pore morphology, pore size, and the distribution and ‘connectedness’ of the 
pores and are often interdependent [39]. Avalos-Gauna and Zhao [40] created a 3D geometric 
model to simulate the LCS porous structure based on the face-centred-cubic arrangement of 
spheres linked by cylinders. They calculated the permeability and form drag coefficient for 
different combinations of pore parameters, including porosity and pore size, by numerical 
simulation using computational fluid dynamics software. They showed that the form drag 
coefficient is related to the permeability by: 
𝐶 =  𝐶𝑓𝐾
−𝑚                                                                    (12) 
where Cf is the drag force coefficient and m is an exponential term. Both Cf and m are constant for 
any given pore size, but Cf increases and m decreases with increasing pore size. Fig. 7 shows the 
log–log plot between form drag coefficient and permeability for the LCS porous Cu samples 
measured in the study. It shows that the form drag coefficient decays exponentially with 
permeability, with the Cf and m values of 3.21 and 0.76, respectively, fitting reasonably well with 
the data for all the pore size ranges. In other words, the effect of pore size on Cf and m seems to be 
insignificant. 
 
Effects of porosity and pore size on heat transfer coefficient 
Fig. 8 displays the variations in heat transfer coefficient with porosity. For comparison, the 
heat transfer coefficients of the empty chamber with water flow only (100% porosity) were also 





coefficient increased with increasing water flow rate, because heat removal by convection occurs 
more rapidly at higher water flow rates. Additionally, at a higher water flow rate, the flow may 
become more turbulent, increasing flow mixing and promoting greater flow access to inter-particle 
pores within the porous structure. Consequently, a larger copper surface comes into contact with 
the coolant, enhancing the heat transfer between the two media.  
Fig. 8 shows that the sample’s porosity has a strong influence on the heat transfer 
coefficient, showing the same trend as that reported in [6]. For samples with low porosities (~46% 
and ~54%), the heat transfer coefficients were very small for all the water flow rates. Increasing 
the porosity to approximately 60% led to a sharp rise in the heat transfer coefficient. Increasing 
the sample’s porosity further led to the gradual decline in the heat transfer coefficient. This 
suggests that there exists an optimum porosity offering the maximum heat transfer coefficient for 
LCS homogeneous samples, which is approximately 60% for the pore size range of 425-710 µm.  
Heat removal within the LCS porous copper - water cooling system occurs through thermal 
conduction and thermal convection. Heat from the heat source is transported to the LCS copper 
sample by conduction and is removed subsequently by the flowing water coolant through 
convection. The overall heat transfer performance of the LCS porous copper sample is therefore 
determined by the parameters affecting these processes, i.e., the sample’s thermal conductivity and 
the sample’s permeability to the coolant. 
For samples with low porosity (< 60%), there is a high volume of copper present, resulting 
in high thermal conductivity [41]. However, a high volume of copper also means more resistance 
to fluid flow, as discussed in the previous section. Samples with low porosity have low internal 





coolant through convection. Even though low porosity samples have good thermal conductivity, 
the overall heat transfer performance is limited by the poor thermal convection within the structure.  
On the other hand, the high porosity LCS Cu samples (> 60%) have a small volume of 
copper. This leads to high internal passage and high permeability for fluid, enhancing heat removal 
by thermal convection as a consequence. However, thermal conductivity within the high porosity 
samples is compromised since there is a smaller volume of copper present to conduct heat. As a 
consequence, the overall heat transfer performance is limited by the thermal conduction of the 
porous copper matrix.  
At the optimum porosity of ~60%, heat removal by thermal conduction through the copper 
matrix and thermal convection from the matrix to the flowing coolant is balanced. Compared to 
an empty chamber (100% porosity), the heat transfer coefficient is approximately four times 
greater. This demonstrates that LCS porous copper can greatly improve the heat transfer 
performance and is suitable for thermal management applications. 
The heat transfer coefficients of three samples of similar porosity but different pore sizes, 
at varying water flow rates, are displayed in Fig. 9. The heat transfer coefficient increases with 
increasing pore size at any given water flow rate. Samples with smaller pores have lower 
tortuosities [30]. As a consequence, the fluid flow passes through the sample more quickly and 
dwells in the sample for a shorter period of time, which may reduce heat transfer by convection. 
Samples with larger pores, on the other hand, have higher tortuosities [30] and can therefore 
improve the effectiveness of convectional heat transfer. In addition, inertial effects (form drag) are 
greater in samples with larger pores, as discussed in the previous section. This may induce a more 





structure. Heat removal by convection can therefore be enhanced, resulting in better heat transfer 
performance. 
Friction factor and Nusselt number 
Friction factor characterises dimensionless pressure drop and represents the effect of the 
system and operating parameters, including the internal surface condition and surface roughness. 
The friction factor (f) for the internal flow within the LCS porous structure can be expressed as: 
𝑓 =  
∆𝑃 𝐷 
𝐿 𝜌𝑣2
      (13) 
where D is the pore diameter and v is the fluid velocity within the pores, which is related to Darcian 
velocity by v = vD/. The real fluid velocity, instead of Darcian velocity, is used here, because it is 
the former that generates the fluid friction with the pore walls. 
Nusselt number is the ratio of convective to conductive heat transfer. The Nusselt number 
(Nu) for the LCS porous copper samples can be expressed as: 
𝑁𝑢 =  
𝑈𝐷
𝑘𝐹
      (14) 
where kF is the thermal conductivity of water. 
Fig. 10 displays the variations of Nusselt number and friction factor with sample porosity and 
Reynolds number for the samples with the same pore size of 425 – 710 µm. The Reynolds number 
was calculated by: 
𝑅𝑒 =  
𝜌𝑣𝐷
𝜇
      (15) 
Again, the real fluid velocity within the pores, instead of Darcian velocity, is used in defining the 
Reynolds number, because it is the former that dictates the flow regimes and the transition from 
one regime to another. With increasing Reynolds number, the Nusselt number increased while the 





There are three distinct regions in Fig. 10. The samples with low porosities of 45.8% and 54.2% 
have low Nusselt numbers and high friction factors spanning a wide range. The sample with a 
porosity of 59.2% has the highest Nusselt number among all samples for any given Reynolds 
number. Its friction factor, however, is also high and is in similar range as those of the 45.8% and 
54.2% porosity samples. The samples with high porosities ranging from 63.8% to 77.0% have 
relatively high Nusselt numbers and very low friction factors. The overall heat transfer 
performance, i.e., a combination of high Nusselt number and low friction factor, is obtained at the 
porosity of 63.8% for the LCS porous copper. 
Conclusions 
1) The pressure drop for the LCS porous Cu samples increased with increasing Darcian 
velocity and fitted well with the Forchheimer’s equation. The water permeability increased 
exponentially with increasing porosity and decreased slightly with increasing pore size. 
The relationship between the form drag coefficient C and the permeability K was well 
described by 𝐶 =  3.21𝐾−0.76 for all samples. 
2) The heat transfer coefficient increased with increasing water flow rate. A porosity of ~60% 
resulted in the highest heat transfer coefficient, because of balanced heat removal by 
conduction and convection. Lower or higher porosities led to lower heat transfer coefficient 
due to limited conduction or convection. Large pores resulted in higher heat transfer 
coefficients because of higher tortuosities and thus longer fluid dwell times in the samples.  
3) The Nusselt number increased and the friction factor decreased with Reynolds number. 
Both the Nusselt number and the friction factor were sensitive to porosity. A porosity of 
~65% resulted in the best overall heat transfer performance, a combination of high Nusselt 
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C   form drag coefficient, m-1 
Cu   copper 
D    pore diameter, m 
d   particle diameter, m 
f    friction factor 
J   heat flux, W/m
2 
K   permeability, m2 
k   thermal conductivity, W/(m∙K)  
K2CO3   potassium carbonate 
L    length of the porous medium or flow length, m 
LCS   Lost Carbonate Sintering 
m   fitting constant 
Nu   Nusselt number 
P   pressure, Pa 
p   fitting constant  
PTFE   Polytetrafluoroethylene 
Re    Reynolds number  
s   distance between Tt and Tb, m 
SEM   Scanning Electron Microscope 
T    temperature, K 
U    overall heat transfer coefficient, W/(m2∙K) 
v    velocity, m/s 
 
Greek Symbols 
𝜀   porosity 
µ    fluid dynamic viscosity, Pa∙s 
    fluid density, kg/m3 
τ    tortuosity 
ω   uncertainty 
 
Subscripts 
b   bottom region 
Cu   copper 





F   fluid (water) 
f   drag force  
in   inlet 
L   length 
out   outlet 
P   pressure 
s   distance 
T   temperature 
t   top region 
U   overall heat transfer coefficient 
P   pressure difference 
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Table 1 Physical properties of copper and water 
Property Value 
Thermal conductivity of copper, W/(m∙K) 390 
Density of water, kg/m3 997 
Viscosity of water, mPa∙s 1.05 
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the large pores created by the K2CO3 particles. 
 
Fig. 2: Schematic diagram of the apparatus used for pressure drop and heat transfer coefficient 
measurements. 
 
Fig. 3: Length-normalised pressure drop (ΔP/L) versus Darcian flow velocity (vD) for LCS 
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Fig. 9: Heat transfer coefficients of LCS porous copper samples with a similar porosity (70%) 
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Fig. 2: SEM micrograph of LCS porous copper (68.6% porosity, 250-425 μm pore size) showing 
narrow inter-particle pores created through bonding of copper spheres, allowing connection of 
the large pores created by the K2CO3 particles. 
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Fig. 3: Length-normalised pressure drop (ΔP/L) versus Darcian flow velocity (vD) for LCS 
porous copper samples with different porosities (shown on graph) and pore sizes: a) 250-425 


























































































(c) 710-1000 µm (d) 1000-1500 µm 











































































Fig. 6: Relationship between form drag coefficient and porosity of LCS porous copper with 






































Fig. 7: Relationship between form drag coefficient and permeability of LCS porous copper with 








































Fig. 8: Variations in heat transfer coefficient with porosity for LCS porous copper (pore size: 











































Fig. 9: Heat transfer coefficients of LCS porous copper samples with a similar porosity (70%) 








































Fig. 10: Variations of Nusselt number and friction factor with porosity and Reynolds number 
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